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jn the United States Patent and Tra demark Office 

Applicants: R. Rogele et al Attorney Docket: 01028 

Patent Application 
Serial No: 10/658,382 

Filed: September 10, 2003 

For: Coordinate Measuring Apparatus 



Petition to Withdraw Holding of Abandonm ent under 37 CFR 1.181(a) 

Commissioner for Patents and Trademarks 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 
Dear Sir : 

This application became abandoned because of applicants' failure 
to timely file a proper reply to the Office notice to file missing 
parts of nonprovisional application mailed on December 2, 2003 as noted 
in the notice of abandonment mailed on November 4, 2004. 

The applicants had already complied with the requirements of said 
notice of December 2, 2003 by postfiling the following at the OIPE 
customer window on October 14, 2003: 

(a) Specification attached to declaration duly signed by 
applicant; 

(b) Statement by attorney that papers attached to declaration 
are a copy of those filed in the Patent and Trademark Office 
to get a filing date; 

(c) Transmittal of declaration for filing under 37 CFR 1.53(d); 
and, 

(d) A check in the amount of $130.00 to cover the surcharge set 
forth in 37 CFR 1.16 (e) . 

True copies of the items (a) to (c) as filed originally on 
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October 14, 2003 are submitted herewith together with an itemized 
receipt date stamped on October 14, 2003 by OIPE at the customer window 
of the Office and a copy of cancelled check no. 5297 showing that the 
surcharge of $130.00 referred to in item (d) above was received by the 
PTO. 

A copy of the notice of abandonment under 37 CFR 1.53(f) or (g) 
is also submitted herewith. 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were 
made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 

The Commissioner is hereby authorized to charge Deposit 
Account 15-0773 for any fee required with respect to this petition. 

In view of the foregoing, applicants' attorney respectfully 
requests that this petition be granted and that the notice of 
abandonment be withdrawn. 



Walter Ottesen 
Patent Attorney 
P.O. Box 402 6 

Gaithersburg, Maryland 20885-4026 
Phone: (301) 869-8950 
Date: November 8, 2 004 



Respectfully submitted, 




Walter Ottesen 
Reg. No. 25,544 
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CONFIRMATION NO. 3330 
ABANDONMENT/TERMINATION 
ai u ^« LETTER 

EES Attorney 'OC00000001 4291 872* 

P.O. Box 4026 '00000000014291872* 
Gaithersburg, MD 20885-4026 

Date Mailed: 11/04/2004 



NOTICE OF ABANDONMENT UNDER 37 CFR 1.53 (f) OR (g) 

The above-identified application is abandoned for failure to timely or properly reply to the Notice to File Missing 
Parts (Notice) mailed on 12/02/2003. 

• No reply was received. 

A petition to the Commissioner under 37 CFR 1.137 may be filed requesting that the application be revived. 

Under 37 CFR 1.137(a), a petition requesting the application be revived on the grounds of UNAVOIDABLE 
DELAY must be filed promptly after the applicant becomes aware of the abandonment and such petition must be 
accompanied by: (1) an adequate showing of the cause of unavoidable delay; (2) the required reply to the above, 
identified Notice; (3) the petition fee set forth in 37 CFR 1.17(1); and (4) a terminal disclaimer if required by 37 
CFR 1.137(d). 

Under 37 CFR 1 137(b), a petition requesting the application be revived on the grounds of UNINTENTIONAL 
DELAY must be filed promptly after applicant becomes aware of the abandonment and such petition must be 
accompanied by: (1) a statement that the entire delay was unintentional; (2) the required reply to the above- 
identified Notice; (3) the petition fee set forth in 37 CFR 1.1 7(m); and (4) a terminal disclaimer il required by 37 
CFR 1.137(d). 

Any questions concerning petitions to revive should be directed to the "Office of Petitions" at (703) 305- 
9282.Petitions should be mailed to: Mail Stop Petitions, Commissioner for Patents, P.O. Box 1450, Alexandna VA 
22313-1450. 
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Attorney Docket No. 01023 

Declaration and Power of Attorney fo r Patent Application 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) 
or an original, first and joint inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent is sought on the invention 
entitled: Coordinate Measuring Apparatus , the specification of which is attached 
hereto . 

I hereby state that I have reviewed and understand the contents of the above- identified 
specification, including the claims, as amended by any Amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination .of 
this application in accordance with Title 37, Code of Federal Regulations. §1. 56(a). 

I hereby claim foreign priority benefits under Title 35, United States Code, §119, of 
any foreign application { s ) for patent or inventor's certificate listed below and have 
also identified below any foreign application for patent or inventor's certificate 
having a filing date before that of the application on which priority is claimed: 

Prior Foreign Application (s) Priority Claimed 

101 11 540.7 Federal Republic of Germany 10 Mar 01 X 

(Number) (Country) Date Filed Yes No 



I hereby claim the benefit under Title 35, United States Code, § 120 of the United 
States application listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United States application in 
the manner provided by the first paragraph of Title 35, United States Code, §112, I 
acknowledge the duty to disclose material information as defined in Title 37, Code of 
Federal Regulations, SI. 56 (a) which occurred between the filing date of the prior 
application and the national filing date of this application: 

PCT/EP 02/02386 05 Mar 2002 Pending 

Application Serial No. Filing Date Status 

As a named inventor, I hereby appoint the following attorney to prosecute this 
application and to transact all business in the Patent and Trademark Office connected 
therewith: 



Walter Ottesen 
Reg. No. 25,544 



Direct all telephone calls to Walter Ottesen at telephone no. (301) 869-8950 and 
address ail correspondence to: 

Walter Ottesen 
Patent Attorney 
P.O. Box 4026 

Gaithersburg, Maryland 20885-4026 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued thereon. 
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Full name of sole or first inventor Rudolf Rogele _ 

inventor's si re ?J*r/*U vt. jZjQ££ 

Po ,i^nrP 89551 Koniasbron n. Federal Republic of Germany 

Country of rit-i unship Federa l Republic oC Germany . 

Post Office artHr^ss Baumaar tenwe a 14. 89551 Konigsbrunn , . 

Federal Republ ic, of Germany 



Full name of second joint inventor LLie^er Kalmbach 

Inventor's signature - 

poci^nrp 89568 Hermarinq pn. Federal Republic of Germany 

Country of Citizenship Federal Republic of Germany 

Post Office Address Karlstrasse 30, 8956 8 Hermaringen 

Federal Republi c of Germany 
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i name of sole or first .vent.or Rudolf Rogele 

nventor's signature, 

pocirimirp 89551 Konigsbronn, Fe deral Republic of Germany 

^Country of Citizenship Feder al Republic of Germany 

Post Office Address Baunwart pnwea 14. 89551 Konigsbronn 

Federal Republic of G ermany 



Full name of second joint inventor. Dieter Kajjnbach _ 



Inventor's signature 
R PS itoce 89568 Hermarinaen. Fede ral Republic of Germany 
Country of Citizenship Feder al Republic of Germany 



Post Office Address Karlstras se 30- 89568 llermar mgen 

Federal Republic of Germany 



TOTAL P. 44 
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PLEASE DATE STAMP AND RETURN 
Applicant (s) : p Rnqele et al 




Patent Application 
Serial No: 10/650.382 



Attorney Docket No: 01028 Filed: September 10, 2003 

Title of Invention: Coordinate M^surina Apparatus, 



THE FOLLOWING MARKED (X) ARE SUBMITTED HEREWITH: 



Amendment ( ) 

Assignment (X) 

Check for S13Q.0Q (X) 

Check for $40.00 (X) 

Prel . Amendment ( ) 
Drawings (s) 

Sheet (s) ( ) 

Transmittal of 

Formal urwg(s) ( ) 

Response ( ) 

Letter C ) 
Transmittal Form 

(in duplicate) ( ) 



Applic, (p. 1 to 26) att. to Decl. 
Statement by Attorney that Papers 

Attached to Declaration are... 
Specification attached to Decl. 
Certified copy of German appl . 
Transmittal of Certified Copy 
Amendment under 37 cfr 1.312 
Information Disclosure Statement 
Fil. of Decl. under 37 CFR 1.53(d) 
Transmittal of Assignment 
Filing under 37 CFR 1.53(b) 
Issue Fee Transmittal Form 
Change of Correspondence Address 



( ) 

(X) 
(X) 



(X) 
(X) 
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In 



hhP united S^teg Patent and TradpmarK Office 



^,1 Attorney Docket: U1U28 

Applicants: R. Rogele et al ACCOn y 



Patent Application 
Serial No; 10/658,382 

Filed: September 10, 2003 

For: Coordinate Measuring Apparatus 



Transmi 



tt^ of Decoration f o r Filing under 37 CFR 1.53(d) 



Commissioner for Patents and Trademarks 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 
Attention: Mail Stop Missing Parts 

Dear Sir: 

To avoid abandonment under 37 CFR 1.53(d) the applicants herewith 
submit the declaration in the above-identif ied application duly signed. 
A check in the amount of $130.00 to cover the surcharge as set forth 
in 37 CFR 1.16(e) is also enclosed in order to prevent abandonment of 
the application. 

The Commissioner is herewith authorized to charge any deficiency 
in the fee to deposit account no. 15-0773. 

Respectfully submitted, 



Walter Ottesen 
Reg. No. 25,544 



Walter Ottesen 
Patent Attorney 
P.O. Box 4026 

Gaithersburg, Maryland 20885-4026 
Phone: (301) 869-8950 
Date: October 14, 2003 
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m the UnirPH States Patent and T rarlpmarH Office 

Applicants: R . R5gele et al Attorney Docket: (1102 

Patent Application 
Serial No: 10/650.382 

Filed: September 10, 2003 

For: Coordinate Measuring Apparatus 



Statement bv Attorney that Papers Attached to 
Declaration are a Copy of t h ose Filed in the Patent 
and Trademark Office to Ge t a Filing Date 

Commissioner for Patents and Trademarks 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 
Dear Sir: 

I, Walter Ottesen, state that I am the attorney for this 
application and that I have reviewed and found the specification 
(pages 1 to 26) and six sheets of drawing (FIGS. 1 to 1.1) as shown in 
my files to be the papers attached to the declaration of Rudolf Roqele 
and Dieter Kalmbach for Coordinate Measur ing Apparatus which 
accompanies this statement and I declare that these papers attached to 
the declaration are a true copy of the specification and any amendment 
thereto which I filed in the Patent and Trademark Office in order to 
obtain a filing date for this application on September 10, 2003. 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were 
made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 

1 



NOU-09-2004 12=26 



WALTER OTTESEN 



301 869 8929 



P. 09/44 



willful false statements may jeopardize the validity of 
or any patent issued thereon. 

Respectfully submitted. 




Walter Ottesen 
Reg. No. 25,544 



Walter Ottesen 
Patent Attorney 
P.O. Box 4026 

Gaithersburg, Maryland 20885-402G 
Phone: (3U1) 869-8950 
Date: October 14, 2003 



2 



NOU-09-2004 12=27 WALTER OTTESEN 301 869 8929 P. 10/44 



Attorney Docket No: U1028 

Coordinate Measur -no Apparatus 
Related application 

This application is a continuation application oC 
5 international patent application number PCT/EP 02/02386, 

filed March 5, 2002, and claiming priority from German patent 
application 101 11 540.7, filed March 10. 2001. 
F-ield of the Invention 

The invention relates to a coordinate measuring apparatus ■ 
10 for measuring workpieces. The apparatus has at least one probe 

pin which can be attached to a probe head moveable in the 
coordinate directions. The probe^ pin or the probe pins have 
shafts at whose respective ends contact bodies are attached and 
at least two of these shafts have different orientations when 
15 attached to the probe head in accordance with application. The 

apparatus also includes a control and evaluation unit for 
controlling the measuring sequence and for evaluating the 
measuring points recorded. 
Background of t hp Invention 
20 A method for controlling a coordinate measuring apparatus 

of the above kind is, for example, disclosed in United States 
Patent 5,491,638. For scanning the workpiece including a 
plurality of geometric elements, there are a plurality of 
different probe pins available which can be attached so as to 
25 be exchangeable on the probe head of the coordinate measuring 

apparatus with the probe head being moveable in the coordinate 
directions. For this purpose, the probe pins are stored at the 
edge of the measuring region in a corresponding magazine. The 
probe pins have shafts of different orientations and contact 
30 bodies in the form of probe balls are attached to the ends of 
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the probe shafts. Different probe shafts with their, contact 
bodies attached thereto are-used for measuring the different 
geometric elements of the workpiece. 

The measuring sequence for measuring a geometric element 
5 . can basically be generated in two different ways. The first 
possibility is the automatic generation of CAD data of the 
workpiece. For a geometric element to be contacted, the 
measuring points on the geometric element to be contacted are 
generated automatically from the CAD data of the workpiece. 
10 For example, to measure a planar surface of the workpiece, 

which is defined by the geometric element "plane", a 
two-dimensional measuring point raster could automatically be 
developed which defines the points on the plane to be 
contacted. Alternatively, the measuring points to be contacted 
15 can also be recorded by the operator of the coordinate 

measuring apparatus for the geometric element in a so-called 
teach-in method. For this purpose, the operator of the 
coordinate measuring apparatus contacts the desired points to 
be contacted on the particular geometric element of a workpiece 
20 via the coordinate measuring apparatus. The coordinate 

measuring apparatus is, in this case, controlled manually by 
the operator of the apparatus. 

Common to both methods is, however, that the person who 
develops the measurement sequence must determine one or several 
25 suitable probe shafts with which the measuring points of the 

geometric element are 'to scanned. This method is time 
intensive. Especially in measurement sequences wherein the 
operator of the coordinate measuring apparatus must record the 
measuring points to be scanned in a teach-in method, it occurs 
30 that, with the use of complex probe pins, the operator of the 
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coordinate measuring apparatus inadvertently scans the 
measuring points to be contacted on the geometric element with 
another probe shaft than the one which is adjusted in the 
operating program of the coordinate measuring apparatus. This 
leads to the situation that completely incorrect measurement 
values are recorded. This has the consequence that all 
measuring points, which are measured up to now, must be 
recorded anew with the correct probe pin- 
Summary of the Invention 

In view of the above, it is therefore an object of the 
invention to provide a coordinate measuring apparatus of the 
kind described above with which measuring sequences can be 
generated in a simple manner and can be carried out. 

The coordinate measuring apparatus of the invention is for 
15 measuring a workpiece. The coordinate measuring apparatus 

defines coordinate directions (x, y, z) and includes: a probe 
head'movable in the coordinate directions (x, y, z); a probe 
pin or probe pins which can be attached to the probe head; the 
probe pin or the probe pins having a plurality of shafts having 
20 respective ends; a plurality of contact bodies attached to 

corresponding ones of the ends of the shafts; at least two of 
the shafts of one of the probe pins having different 
orientations when the probe pin is attached to the probe head; 
a control and evaluation unit for controlling the measuring 
25 sequence and for evaluating the recorded measuring points; the 

control and evaluation unit functioning to carry out a method 
including the steps of: determining at least one characteristic 
direction data ( n ± ) for the points, which are to be measured, of 
a geometric element on the workpiece either from measured 
measuring points (P x to P 4 ) or from predefined desired data of 



30 
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the geometric element; arid, determining one or several probe 
shafts of the one or several of the measuring points of the 
geometric element which are suitable from the directional 
data (n ± ) . 

5 According to a feature of the invention, at least one 

characteristic direction information for the measuring points 
to be measured of a geometric element to be measured on the 
workpiece is determined either from measured measuring points 
or from predefined desired data of the geometric element. From-. 

1U this, one or several probe shafts are determined which are 

suitable for the measurement of the measuring points of the 
geometric element . 

The basic idea of the invention is that the determination 
of one or several suitable probe shafts for scanning the 

15 measuring points of a geometric element is derived from one or 

several direction data of the geometric element. In this way, 
there results the considerable advantage compared to the known 
method that, in an automated method, a suitable probe shaft can 
be determined and this data must no longer be determined and 

20 inputted by the developer of the measuring sequence. 

The probe shafts, which are determined as suitable, can be 
suitably suggested for measuring the particular geometric 
element . 

The direction information can either be derived from 
25 the CAD data of the workpiece or even from scanned measuring 

points of the geometric element to be measured. 

At this point, the term "geometric element" is defined. A 
geometric element is a mathematical substitute element which 
can be scanned on a workpiece to be measured. A suitable 
3 0 geometric element for a bore is, for example, the cylinder. An 
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20 



25 



30 



enumeration of geometric elements includes, inter alia: the 
point, the plane, the freeform surface, a circle, a cylinder, a 
cone, an ellipse, a sphere and a torus. 

A plurality of quantities known from mathematics can be 
used as direction data. For example, a planar equation can be 
used for the geometric element "plane" . With the planar 
equation, the orientation of the plane is clearly defined. As 
directional data, one would advantageously, however, use 
vectors because an especially simple computation is possible. •. 
The determination of suitable probe shafts can therefore take 
place very simply in that the directional data of the geometric- 
element (for example, the vector) and the longitudinal 
direction of the probe shaft conjointly define an angle. 

As directional data in outer elements, the surface normals 
of the geometric element at the measuring points to be scanned 
are suitable, that is, the vectors which stand perpendicularly 
on the surface of the geometric element at the measuring points 
to be scanned. These outer elements include, for example, a 
plane which can be scanned from the outside, a cylinder 
scannable from the outside or a sphere. The term "outer 
element" means that the particular geometric element can be 
measured from the outside and is easily accessible without 
having to penetrate with the probe pin into a bore, recess or 
cutout of the workpiece. Each individual measuring point can 
advantageously be assigned a suitable vector. Then, for each 
measuring point individually, a suitable probe shaft is 
suggested. This is especially purposeful when a geometric 
element cannot be measured with a single probe shaft. 
Alternatively, only an individual vector is sufficient for the 
total geometric element when it is clear that the total 
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geometric element can be measured with only one probe shall. 
If, for example, only a small sphere segment of a sphere is to 
be measured, then, for example, it is sufficient to provide the 
surface normal in the zenith of the sphere segment to be 
measured. In a plane, it is sufficient to determine the 
surface normal at any desired position on the plane. From 
this, it becomes especially clear that the surface normal must 
not perforce be coincident with a point, which is to be 
measured, on the surface of the workpiece. 

For internal elements such as a cylinder, which is to be 
scanned in a bore, the vector in the direction of the primary 
axis of the geometric element serves as direction data. The 
term "inner element" means that the particular geometric 
element can only be measured when the probe pin is plunged into 
15 a bore, recess or cutout of the workpiece. 

An especially suitable probe shaft should be so selected 
that the shaft direction is aligned as parallel as possible to 
the surface normal for outer elements and to the vector along 
the main. axis for inner elements. This can take place 
relatively simply in that the angle between the longitudinal 
axis of the probe shaft and the vector of the geometric element 
is computed. In this way, there is, however, still the problem 
that, additionally, it must be known at which end of the probe 
shaft the contact element is. The contact element, for 
example, is the probe ball. It is now considerably simpler to 
assign a vector to the probe shaft whose longitudinal direction 
indicates the orientation of the probe shaft and whose 
direction indicates at which end of the probe shafc the contact 
element sits. In dependence upon the direction selection of 
the vector of the geometric element and of the vector of the 
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probe shaft, there results an angle of 0° or 180° between the 
vectors . 

Only in a few cases can this condition for the measuring 
points of a geometric element to be scanned be satisfied. For 
5 example, for a sphere to be measured, there is only a single 

measuring point in which the surface normal has the pregiven 
angle to the vector of the probe shaft. Preferably, an angular 
range should be given within which the angles between the 
directional data of the geometric element and the probe should 
10 lie. When using the above-mentioned example, there results an 

angle of 180°±e or 0°+e between the vector of the geometric 
element and the vector of the probe shaft. Here, e should be a 
maximum of 90° . 

Because of the relatively large angular range, there are 
.15 several probe shafts which are found to be suitable. In this 

case, that particular probe shaft is preferably selected which 
comes closest to the optimal angle of 0° or 180°. Furthermore, 
in exceptional situations for measuring a geometric element, 
several probe shafts can be needed as is, for example, 
20 necessary when a large part of a sphere is to be measured. For 

this case, the probe shafts are so selected in dependence upon 
the direction vectors of the geometric element that the least 
possible number of probe shafts is needed for measuring the 
geometric element. 
25 As already explained, it can be necessary for the 

development or completion of the measuring sequence that the 
operator of the coordinate measuring apparatus has to scan the 
measuring points to be sampled on a sample workpiece with the 
coordinate measuring apparatus in a teach-in procedure. Here, 
30 with complex probe pins, it can occur that the operator of the 
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coordinate' measuring apparatus selects another probe shaft in 
the operating program o£ the coordinate measuring apparatus 
than would be determined as suitable by the program Cor the 
later recordation of the measuring points. In conventional 
coordinate measuring apparatus, this has the consequence that 
all recorded measuring points must again be detected ab initio. 
According to an advantageous embodiment of the invention in the 
scanning of the geometric element with a non-suggested probe 
shaft, the control and evaluation unit can convert the 
measuring points sampled with the non-suggested probe shaft to 
the suggested probe shaft. This is relatively easy because for 
each contact body, calibration data are stored in the control 
and evaluation unit which define the offset of a defined point 
of the particular contact body relative to the machine 
15 coordinate system as well as its geometry. For a probe ball as 

contact body, the offset of the center point of the probe ball 
relative to the machine coordinate system is stored as is the 
radius of the probe ball. These calibration data are 
determined for each contact body individually in a calibration 

20 procedure. 

In this way, a conversion of the measuring points sampled 
with a first contact body to a second contact body is possible 
without difficulty via vector arithmetic. 
Brief Description of th e Drawings 
25 The invention will now be described with reference to the 

drawings wherein: 

FIG. 1 is a schematic of the coordinate measuring 
apparatus of the invention; 

FIG. 2 shows a probe pin having five probe shafts of 
30 different orientation; 
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FIG. 3 is a perspective view of an individual probe shaft 

of the probe of FIG. 2; 

FIG. 4 is a schematic showing a probe shaft selection for 

an outer element (e) ; 
5 FIG. 5 shows a probe shaft selection for an inner 

element (z) ; 

FIG. 6 shows a probe shaft selection of a probe shaft for 
the geometric elements of a workpiece; 

FIG. 7 shows a front elevation view of a workpiece with an-. 
10 outer element to be sampled and an interior element to be 

sampled; 

FIG. 8 shows a probe shaft selection for an outer element 
and an inner element of the workpiece of FIG. 7; 

FIG. 9 shows a method for recording the measuring points 
15 of a geometric element to be sampled in a teach-in method and 

subsequent conversion of measuring points which were measured 
with a non-suggested probe shaft to the suitable probe shaft; 

FIG. 10 shows the recordation of measuring points (Pi 
to P 4 ) in a teach-in method on a geometric element "plane" of 
20 the workpiece of FIG. 6; and, 

FIG. 11 shows the conversion of the measuring points (P x 
to P 4 ), which are measured with the incorrect probe shaft 14c of 
FIG. 6, to a suitable probe shaft 14d. 

Description of the Preferred Embodi ments of the Invention 
25 FIG. 1 shows by way of example a coordinate measuring 

apparatus of the so-called portal type. The coordinate 
measuring apparatus includes a probe pin 6 which is attached to 
a probe head 5 so thac it can be exchanged. The probe pin 6 
can be deflected in the three coordinate directions (x, y, z) 
30 relative to the probe head 5. The deflection of the probe 
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pin 6 in the three coordinate directions (x. y. z) is detected 
by three measuring sensors disposed in the probe head 5. The 
probe head, in turn, can be moved in the three coordinate 
directions (x. y, z) - For this purpose, the portal mechanism 
includes a portal 2 which can be moved on guides in the 
direction indicated by the arrow (y) relative to the measuring 
table 1. The so-called X-carriage 3 is, in turn, moved in the 
direction indicated by the arrow (x) along the traverse of the 
portal 2 spanning the measuring table. The spindle 4 is 
movably guided in the direction U) on the X-carriage 3 so that 
the probe head 5 can be moved via the portal mechanism in the 
three coordinate directions (x, y, z) . The measurement of a 
workpiece takes place in that the probe pin 6 contact scans or 
samples the workpiece 7, which is to be measured, at the 
15 provided measuring points. In the probe head 5, the deflection 

of the probe pin 6 relative to the probe head 5 is measured in 
the three coordinate directions (x, y, z) . In addition, the 
actual or current position of the probe head 5 is measured in 
the three coordinate directions (x, y, z) un the three 
20 incremental scales (8a to 8c) which are scanned by optical 

read-out heads. For determining a measuring point, the scale 
measurement values (8a to 8c) are computed with the probe pin 
deflections, which are determined by the measuring sensors in 
the probe head 5, and a measuring point is generated cherefrom. 
25 m order to be able to measure complex workpieces having a 

complex geometry, different probe pins are usually needed which 
are held in the magazine 11 and are automatically exchanged in 
the probe head 5 via an exchange unit. Of course, a single 
probe pin having several different probe shafts would be 
sufficient which probe pin is non-exchangeably mounted on the 
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probe head 5, for example, by means of a threaded fastener. 
The different probe pins usually have one or several probe 
shafts and contact bodies (such as a probe ball or a cylinder) 
are attached to respective ends. For example, one could 
measure a horizontal bore, for example, only with a 
horizontally oriented probe shaft; whereas, a vertical bore can 
be measured only with a vertically oriented probe shaft. 

in addition, the coordinate measuring apparatus includes 
drives by which the portal 2, the X-carriage 3 and the 
spindle 4 can be moved in the three coordinate 
directions, (x, y, z) . The control of the measuring sequence 
and the drives of the coordinate measuring apparatus as well as 
the recordation and evaluation of the measurement points 
determined herewith take place in the control and evaluation 
15 unit 9 which is, in this embodiment, realized by a single 

computer by way of example. The control and evaluation unit 9 
is connected to a control console 26 with which the coordinate 
measuring apparatus can be moved manually in the coordinate 
directions (x, y, z) via operator-controlled levers. Other 
20 functions, for example, a probe pin exchange or a control of 

the measuring program can also take place via the control 
console 26. 

FIG. 2 shows an exemplary probe pin 12 as it could be 
present, for example, in the magazine 11 of the coordinate 
25 measuring apparatus of FIG. 1. The probe pin 12 has a probe 

pin plate 26 on which three cylinders (27a, 27b, 27c) are so 
distributed that their longitudinal axes are at angles of 120° 
to each other. A ferromagnetic component 28 is disposed in the 
center of the probe pin plate 26. For picking up the probe 
pin 12 from the magazine 11 of FIG . 1 and for attaching the 
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same to the probe head 5, the ferromagnetic component 28 is 
pulled magnetically against the probe head by a corresponding 
electromagnetic unit in the probe head 5. The three 
cylinders 127a, 27b, 27c) come to rest on correspondingly 
assigned balls arranged in pairs on the probe head 5 so that, 
in this way, a three point support arises by which the support 
of the probe pin 12 on the probe head 5 is statically clearly 
determined . 

Furthermore, the probe pin 12 has a central shaft IS 
attached to the probe pin plate 26 and five probe shafts (14a 
to 14e) are attached to the lower end of the central shaft. 
The probe shafts (14a to 14e) are oriented in different 
directions. At the ends of the probe shafts (14a to He), 
respective scanning or contact bodies in the form of probe 
15 balls (13a to 13e) are attached which function for contact 

scanning or sampling the workpiece 7. 

FIG. 3 shows a schematic of the probe pin 14e and the 
probe ball 13e of the probe 12 of FIG. 2 attached thereto. 
Furthermore, a longitudinal axis a i4e is assigned to the probe 
shaft 14e which, by way of example, runs through the center 
point of the probe ball 13e and through the center point of the 
profile of the probe shaft. Also' shown in FIG . 3 is that a 
vector s 14e is assigned to the probe shaft 14e and this vector 
is aligned in the direction of the longitudinal axis a 14e . The 
foot point of the vector s 14e is directed in the direction of 
the suspension of the probe shaft 14e on the probe pin and its 
tip is in the direction of the contact body 13e. The 
vector s 14fcf could also be defined rotated by 180° in case this 
is wanted. In this case, the foot point of the vector s 14e is 
in the direction of the contact body 13e while the tip of the 



20 



25 



30 



12 



NOU-09-2004 12:31 



WALTER OTTESEN 



3@1 869 8929 P. 22/44 



vector is pointed in the direction of the suspension of the 

probe shaft 14e. 

It will now be shown with respect to FIGS . 4 to U how one 
of the five probe shafts (14a to 14e) for measuring a geometric 
5 element is selected in accordance with the invention. The five 

probe shafts (14a to 14e) are shown in FIG. 2. 

FIG. 4 shows as a geometric element to be sampled or 
contact scanned a plane (e) which is configured as an outer 
element. The term outer element means that the particular 
10 geometric element can be easily accessed from the outside for 

measurement without it being necessary to go with the probe pin 
into a bore, recess or cutout of the workpiece. As shown here, 
the surface normal n Ai is assigned to the plane (e) as direction 
information. The surface normal (n Ai ) embodies a vector which 
15 stands perpendicular on the particular geometric element at a 

measuring point which is to be contact scanned or sampled. The 
vector n Ai need not face away from the workpiece as shown 
in FIG. 4. Rather, the vector n Ai can also just as well point 
in the direction of the workpiece. An angle 3ij is formed 
20 between each of the vectors ij of the different probe 

shafts (14a to 14e) of the probe pin 12 of FIG. 2 and the 
surface normal n Ai . The two vectors (ij and n Ai ) conjoint ly 
define the angle p i:| . As already explained, one of the probe 
shafts present is suggested as suitable when the surface 
25 normal n Ai and the vector Sj of a probe shaft are as parallel as 

possible and the scan contact element is attached to the 
correct end of the probe shaft. Referred here to the system 
shown, this is the case when the vector n Ai of the geometric 
element and the vector Sj of the probe shaft conjointly define 
30 an angle of 180°. In the case of a horizontal plane, this 

13 
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means for the probe shown in FIG. 2 Chat the probe shaft 14c 
with the contact body 13c would be selected. It is here noted 
that the indexes «i" are representative for the identification 
of geometric elements. The indices «j" are used representative 
5 for the identification of probe shafts which are used and 

available. The index "A" represents in the vector "n" an outer 
element and the index "I" stands for an inner element. 

For an inner element, that is, a geometric element wherein 
the probe shaft must be moved into a cutout or recess for 

10 sampling, the determination of a suitable probe shaft takes 

place similarly. As an example of a geometric element to be 
measured, "a cylinder (z) is shown in FIG. 5 as it could be 
present, for example, in a bore in a workpiece. In contrast to 
the outer element, a vector in the direction of the primary 

15 axis a, is used as the directional vector n n . As shown 

in FIG. 5, the vector sj of each probe shaft has a defined 
angle p id with the vector n n of the geometric element (z) which 
in the ideal case is 180° exactly as in the case of an outer 
element. 

20 The . angle Pij between the vectors (n Ai or n u ) of a 

geometric element and the vector i-, of a probe shaft can be 
computed very simply via vector multiplication. The 
computation of a suitable probe shaft for outer elements as 
well as also for inner elements takes place in the same way. 
25 For this reason, the terminus is used for simplification 

for n Ai as well as for n n . If one determines a unit vector 
(that is, |Sj| = l and In^l from the vector ^ of a geometric 
element as well as from the vector Sj of the probe pin, then the 
following relationship applies: 
30 Equation ,1: s j n i = |s.j | |n i |cos ( Pi 3 * ) 
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In the ideal case, cos (|3 i;i ) =-1 when the angle between the 
vector Tii of the geometric element and the vector Sj ol the 
probe shaft is 180°. As already explained above, this 
condition is often not satisfied. however, in order to obtain 

5 a suitable probe shaft with great reliability for a plurality 

of different geometric elements, a region (e) about the 
angle (3) should therefore be determined within which the angle 
between the vector n A of the geometric element and the vector 
of the probe shaft can vary. The following must then apply: 

10 Equation 2: cos(0 i:i ) < cos(180°±e> 

The region (e) should be fixed individually for each 
geometric element. The considerations which are needed in each 
case will be explained now with respect to FIGS. 6 to 8 . 

FIG, 6 shows a rectangularly-shaped workpiece 15 having 

15 two planes (29, 30) to be measured as geometric elements. 

Since this is an outer element, the surface normals n A29 and n A3u 
can be used as vectors of the geometric elements. For 
selecting the horizontal upper surface 29 of the workpiece 15, 
the surface normal n A29 is here compared to the vectors Sj of 

20 the probe shafts (14a to 14e) of FIG. 2. For the shaft 14c of 

the probe 12 of FIG. 2, the condition applies exactly that the 
vector n A2 9 of the geometric element 23 and the vector s )4c of 
the probe shaft 14c conjointly define an angle of 180° so that 
the probe shaft 14c is selected as suitable and is suggested. 

25 For the vertical side surface of workpiece 15, whose geometric 

element "plane" is identified by the reference numeral 30, the 
procedure is exactly the same. Based on the above 
considerations, namely that the surface normal n A30 defines an 
angle of' 180° with the vector s 14d , the probe shaft 14d would be 

30 selected for the probe 12 of FIG . 2. 
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If one assumes the case that the probe 12 of FIG. 2 would 
have no probe shaft 14d and no probe pin of the magazine 11 
of FIG . 1 would have a probe shaft: with a horizontal 
orientation, it would still be possible to make a measurement 
of the particular geometric element 30 with the probe shaft 14c 
as shown schematically in FIG . 6. For this case, the 
vector s 14c of the probe shaft 14c and the vector n A3u of the 
particular geometric element 30 conjointly define an angle 
of 90°. If one permits a maximum of 90° for the geometric 
element "plane" as region (e) , then the following inequality 
would result for the above-mentioned equation 2: 
Equation 3 : cos (Pij) < 0 

FIGS. 7 and 8 show the same considerations for another 
workpiece 16 which has a cylinder, which is to be scanned, as 
an outer element as well as a cylinder, which is co be scanned, 
as an inner element. A front elevation view of the 
workpiece 16 is shown in FIG. 7. FIG. 8 shows a section of the 
workpiece 16 of FIG . 7 along the line VIII-VIII. For the outer 
element of the cylinder, the surface normals in the measuring 
points to be sampled function as vector n A32 of the particular 
geometric element. For the uppermost measuring point on the 
cylinder 16, this is the normal vector . n A32 aligned to the 
vertical. In accordance with the above condition, the probe 
shaft 14c would be selected as suitable in a comparison of 
vectors Sj of the possible probe shafts because the vector s Hc 
of the probe shaft 14c is at an angle of 180° with the 
vector n A32 of the geometric element 32. Alternatively, in 
accordance with the above considerations, the probe shaft 14d 
could also be used so that the region (e) could be fixed 
to ±90°. This is otherwise for the inner element of the 
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cylinder. Vector n m of Che particular geometric element 31 
runs in the direction of the primary axis o£ the cylinder as 
already explained above. la the selection in accordance witli 
the above principal, the probe shaft 14d would be selected 
5 because its vector s 14d and the vector n m of the geometric 

element 31 "cylinder" conjointly define an angle of 180°. If 
one would permit as region (e) a maximum of 90° as in the above 
example, then this would have the consequence that, if 
necessary, the probe shaft 14c would be selected. In this 
10 case, there would perforce be a collision between the 

workpiece 16 and the probe shaft 14c since the pr.obe shall 
could not be introduced into the bore of the workpiece 16. The 
region [€) must therefore be selected very small (for 
example, 5°) for cylindrical inner elements. 
15 As explained above, the specific measuring sequence to a 

geometric element, inter alia, is defined in thai the 
coordinate measuring apparatus, manually controlled, samples 
the particular geometric element on the workpiece. This 
operation is shown schematically in FIG . 9. In step 17, the 
20 method for recording measuring points, which are to be sampled 

on a geometric element, is started. The geometric element can, 
for example, be an inner cylinder of a bore. In step 18, 
individual measuring points, which are to be sampled, are 
recorded on the geometric element. In step 19, the measuring 
25 program automatically undertakes the adaptation of the 

predefined geometric element from the recorded sample points. 
According to step 20, the steps 18 and 19 are repeated until 
all measuring points of the geometric element are complete. 
This is shown by way of example in FIG. 10. Here, the 
30 geometric element 30 "plane" of the workpiece 15 of FIG. 6 is 
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scanned in correspondence to the steps 18 to 20 of FIG. 9 by 
the coordinate measuring apparatus. Four measuring points IP, 
to P 4 ) are recorded by way oC example and a plane is adapted via 
the four recorded measuring points (P x to P 4 ) in accordance with 
5 the Gaussian method of least squares. 

After all measuring points (Pi to P 4 ) are recorded, a 
suitable probe shaft for the particular geometric element is 
determined in step 21 in accordance with the above procedure. 
As already explained with respect to FIG. 6 in this connection, ■. 
10 the control and evaluation unit 9 would determine the probe 

shaft 14c as especially suitable. In step 22, the control and 
evaluation unit 9 checks whether the currently used probe 
shaft, with which the measuring points were recorded in 
step 18, corresponds to the suitable probe shaft. If this is 
not the case, for" example, because the operator of the 
coordinate measuring apparatus had used the probe shaft 14c for 
recording the measuring points (P x to P 4 ) , then this would have 
meant in the conventional measuring programs that the operator 
of the coordinate measuring apparatus would have to record all 
previously recorded measuring points <P X to P 4 ) anew and would 
have to execute anew all of the method steps previously run 
through with the suggested probe shaft 14d. in this especially 
advantageous embodiment, however, the probe would be switched 
over to the correct probe shaft in step 24 and the sampled 
25 measuring points would be converted to the correct probe shaft 

in step 25. 

How this is done will be explained by way of example with 
respect to FIG. 11. 

As already explained above, the exact offset of the center 
point of each contact body (13a to 13e) relative to a central 
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machine coordinate system and the geometric data of the contact 
body (for a probe ball, the probe bail radius) are available as 
stored data. These data are determined in a calibration 
procedure as usual in coordinate measuring apparatus. Referred 
5 to the example described in connection with FIGS. 9 and 10, and 

as shown by way of example in FIG . 11, a vector m 13c is known 
which gives the offset of the center point of the contact 
body 13c relative to the machine coordinate system (x„, y M , z t1 ) 
as well as a vector in i3d which gives the offset of the center 
10 point of the contact body 13d relative to the machine 

coordinate system [x M , y M , z M ) . Furthermore, the radii of the 
probe balls (13c, 13d) are known. From this, and together with 
the surface normals in the or at the measuring points {? x 
to P 4 ), corresponding vectors r 13c and r 13d are determined which 
15 point from the center points of the contact bodies (13c, 13d) 

to the points of the surface of the contact bodies (13c, 13d) 
in which these vectors contact the workpiece surface. The 
vectors r 13c and r 13d must perforce be parallel to each other. 
Via a simple vector arithmetic, a displacement vector v 13c _ 13d 
20 can be computed by which all measuring points ( ? l to f 4 ) must be 

displaced in order to convert to the suggested probe shaft 14d. 

The measuring points recorded with a first probe shaft can 
therefore be converted via a simple vector arithmetic to the 
suggested probe shaft. In this way, the operator of the 
25 coordinate measuring apparatus can now begin with the 

recordation of measuring points of a new geometric element in 
accordance with step 17 (see FIG. 9). 

It is also mentioned that the invention is not limited to 
the embodiments of FIGS. 1 to 11. Rather, numerous changes can 
be made. For example, the coordinate measuring apparatus need 



30 



19 



NOU-09-2004 12:33 



WALTER OTTESEN 



3i31 869 8929 P. 29/44 



10 



not be a portable measuring apparatus as shown in FIG. 1. 
Instead, a stand measuring device, bridge measuring device or a 
robot arm liaving rotational joints can be usee]' Cur moving the 
probe head 5 in the coordinate directions. Also, the probe 
elements 13a through 13e need not be probe balls but can, for 
example, be cylinders or tips. Furthermore, the probe head 
need not perforce be a measuring probe head whose probe pin can 
be deflected in three coordinate directions relative to the 
probe head. It can, for example, also be a switching probe 
head via which a signal is generated with a contact of the 
probe pin on the workpiece and lead to a read-out of the 
measuring scale values. The probe pin need also not be 
exchangeable on the probe head. In the invention, a single 
probe pin, which cannot be exchanged and has several different 
probe shafts, can be fixed, for example, with a screw on the 
probe head 5 . 

The subject matter of PCT/EP02/02386 , filed March 5, 2002, 
on which the benefit of 35 U.S.C. 120 is claimed herein, and 
the subject matter of German patent application 101 11 540.7, 
filed March 10, 2001, on which the claim of priority is based 
herein, are both incorporated by reference. 

It is understood that the foregoing description is that of 
the preferred embodiments of the invention and that various 
changes and modifications may be made thereto without departing 
25 from the' spirit and scope of the invention as defined in the^ 

appended claims. 
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What: is claimed is : 

1. A coordinate measuring apparatus for measuring a wurkpiece, 
said coordinate measuring apparatus defining coordinate 
directions (x, y, z) and comprising: 

a probe head movable in said coordinate 
5 directions (x, y, z) ; 

a probe pin or probe pins which can be attached to said 

probe head; 

said probe pin or said probe pins having a plurality of 

shafts having respective ends; 
10 a plurality of contact bodies attached to corresponding 

ones of said ends of said shafts; 

at least two of said shafts of one of said probe pins 

having different orientations when said probe pin is attached 

to said probe head; 
15 a control and evaluation unit for controlling the 

measuring sequence and for evaluating the recorded measuring 

points; 

said control and evaluation unit functioning to carry out 

a method including the steps of: 
20 determining at least one character .is tic direction 

datum (n*) for the points, which are to be measured, of a 

geometric: element on said workpiece either from measured 

measuring points (Pi to P 4 ) or from predefined desired data of 

said geometric element; and, 
25 determining one or several probe shafts of the one or 

several of the measuring points of the geometric element which 

are suitable from said directional data ( iii ) . 
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2. The coordinate measuring apparatus of claim i, wherein said 
control and evaluation unit determines at least one vector (a,) 
for said geometric element as directional data. 

3. The coordinate measuring apparatus of claim 2, wherein said 
control and evaluation unit assigns a vector (Aj) to each of 
said probe shafts; and, said vector (Aj) points in the 
longitudinal direction of said probe shaft. 

4. The coordinate measuring apparatus of claim 1, wherein said 
control and evaluation unit determines a probe shaft as 
suitable; and, said probe shaft has a longitudinal direction 
and said longitudinal direction of said probe shaft and said 

5 directional datum (nj of said geometric element conjointly 

define an angle . 

5. The coordinate measuring apparatus of claim 4, wherein said 
control and evaluation apparatus considers said angle as 
lying within a predefined angular region (Pij ± e) . 

6. The coordinate measuring apparatus of claim 2, wherein said 
control and evaluation unit uses the surface normal at at least 
one point of said geometric element as a vector (n Ai ) of said 
geometric element for outer elements. 

7. The coordinate measuring apparatus of claim 2, wherein said 
control and evaluation unit uses the vector, which points in 
the direction of the primary axis la 2 ) of said geometric 
element, as a vector (n n ) of said geometric element for inner 

5 elements . 
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8. The coordinate measuring apparatus of claim 5, wherein said 
control and evaluation unit defines said angle iPij) between the 
vector (nil of said geometric element and the vector ( 6j ) of 
said probe shaft as 180° ± e or 0° ± e where e can assume a 
value between 0° and 90°. 

9. The coordinate measuring apparatus of claim 1, wherein said 
control and evaluation unit, when scanning said geometric 
element with a probe shaft determined as not suitable, converts 
the measuring points, which were scanned with said probe shaft 
determined as unsuitable, to the probe shaft determined as 
suitable . 

10. The coordinate measuring apparatus of claim 9, wherein 
said control and evaluation unit measures said geometric 
element with said probe shaft determined as suitable. 

11. The coordinate measuring apparatus of claim 9, wherein 
said control and evaluation unit outputs a fault announcement 
for the case where no suitable probe shaft is found. 

12. A method for measuring a workpiece on a coordinate 
measuring apparatus defining coordinate directions ■ (x, y, 2) , 
the coordinate measuring apparatus includes: a probe head 
movable in said coordinate directions (x, y, z) ; a probe pin or 
probe pins which can be attached to said probe head; said probe 
pin or said probe pins having a plurality of shafts having 
respective ends; a plurality of contact bodies attached to 
corresponding ones of said ends of said shafts; and, at least 
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two of said shafts of one of said probe pins having different 
10 orientations when said probe pin is attached to said probe 

head; the method comprising the steps of: 

determining at least one characteristic direction 

datum {nil for the points, which are to be measured, of a 

geometric element on said workpiece either from measured 
15 measuring points {P, to P 4 ) or from predefined desired data of 

said geometric element; and. 

determining one or several probe shafts of the one or 

several o£ the measuring points of the geometric element which 

are suitable from said directional data (n s ) . 

13. The method of claim 12, wherein at least one vector (n^ 
for said geometric element as directional data is determined. 

14. The method of claim 13, wherein a vector (A 3 ) is assigned 
to each of said probe shafts; and, said vector (A d ) points in 
the longitudinal direction of said probe shaft. 

15. The method of claim 12, wherein a probe shaft is 
determined as suitable; and, said probe shaft has a 
longitudinal direction and said longitudinal direction of said 
probe shaft and the directional datum (n d ) of said geometric 

5 element conjointly define an angle (Uij) • 

16. The method of claim 15, wherein said angle ((J i:i ) lies 
within a predefined angular region (3^ ± e). 

17. The method of claim 16, wherein said angle ( &i j ) between 
the vector (r^) of said geometric element and the vector (Sj) of 
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said probe shaft is 180° ± e or 0° ± e where e can assume a 
value between 0° and 90°. 

18. The method of claim 13, wherein the vector (n Ai ) of said 
geometric element, for outer elements, is the surface normal of 
said geometric element in at least one point of said geometric 
element . 

19. The method of claim 13, wherein the vector (n li ) of said 
geometric element, for inner elements, is in the direction of 
the primary axis of said geometric element. 

20. The method of claim 12, wherein, when scanning said 
geometric element with a probe shaft determined as not 
suitable, the measuring points, which were scanned with said 
probe shaft determined as unsuitable, are converted to the 

5 probe shaft determined as suitable. 

21. The method of claim 12, wherein said geometric element is 
measured with said probe shaft determined as suitable. 

22. The method of claim 12, wherein a fault announcement is 
outputted for . the case where no suitable probe shaft is found. 
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Abstract of the Di sclosure 

The invention relates to a coordinate measuring device Cor 
measuring workpieces (7). Said device comprises at least one 
scanning pin (12) which can be fixed to a scanning head (5) 

5 which can be displaced in the direction of the 

coordinates (x, y, z) . Said scanning pin or scanning pins 112) 
comprise shanks (14a to 14c) to which ends a scanning body (13a 
to 13c) is fixed, at least two of said scanning shanks being 
differently oriented when the scanning pin (12) or pins 

10 concerned' are conventionally fixed to the scanning head (5). 

The inventive device also comprises a control and evaluation 
unit (9) for controlling the course of measurement and for 
evaluating the measuring points thus recorded. In order to 
determine in an automated manner at least one suitable scanning 

15 shank (14a to 14e) for measuring a geometric element on a 

workpiece, the control and evaluation unit (9) can carry out 
the following method: at least one characteristic piece of 
directional information (i^) is determined for the points to be 
measured of a geometric element (29 to 32) to be measured on 

20 the workpiece (7, 15, 16), either on the basis of the measured 

measuring points (P x to P 4 ) or according to predefined nominal 
data of the geometric element; and at least one scanning 
shank (14a to 14c) suitable for measuring the measuring points 
of the geometric element is determined from the cited 

25 directional information (ni) . 
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